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Method for Simulating a Mixer in Circuit Simulators and the Like 

Field of the Invention 

5 The present invention relates to circuit simulators, and more particularly, to an 

improved method for simulating mixers. 

Background of the Invention 

10 Mixers are at the heart of radio transmitters and receivers. A mixer ideally combines 

the signals from two frequency sources to generate an output signal having the sum and 
K; differences of the input frequencies. In practice, mixers also generate signals at spurious 
CM frequencies. 

If Modern radio designers typically utilize circuit simulators in the design of circuits that 

utilize mixers. However, a satisfactory model for representing mixers in such simulators is 
not available. At present, mixers are simulated utilizing mixer Inter-Modulation Table (IMT) 
I methods. The existing mixer IMT models map each input frequency to multiple output 
frequencies using a table look-up approach. The mixer IMT data can be measured with a 

20 spectrum analyzer, or be generated with a nonlinear circuit simulator for any particular mixer 
design. 

This approach has several drawbacks. It is not applicable to time domain simulators. 
In addition, it does not model adjacent channel power in circuit envelope simulators. Further, 
25 it does not model inter-modulation among multiple input tones in harmonic balance 

simulators. Finally, it does not model noise mapping in harmonic balance simulators and 
circuit envelope simulators. 
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Broadly, it is the object of the present invention to provide an improved method for 
modeling mixers that is applicable to a wider range of simulators than the existing mixer IMT 
models. 



These and other objects of the present invention will become apparent to those skilled 
in the art from the following detailed description of the invention and the accompanying 
drawings. 

Summary of the Invention 

The present invention is a method for operating a data processing system to simulate a 
mixer having an RF port, a LO port, and an IF port. In the present invention, the signal 
leaving the IF port is approximated by 
b2=f(al,a3)+S22*a2 

where S22 is a constant, a2 is a signal input to the IF port, al is a signal input to said RF port 
and a3 is a signal input to said LO port, and 

M N 

/(«l,«3)=22C,*al'*«3' 

,=o j=o 

The coefficients Qj are constants that depend on said mixer design. These coefficients can 
be determined by measuring the b2 when al and a3 are single tone signals. In addition, The 
coefficients can be determined by simulating said mixer on a non-linear circuit simulator 
when al and a3 are single tone signals. 

Brief Description of the Drawings 

Figure 1 illustrates the signals associated with a mixer 100. 
Figure 2 shows the matrix [T] MxM for M=15. 

Detailed Description of the Invention 



The manner in which the present invention represents a mixer can be more easily 
understood with reference to Figure 1, which illustrates the signals associated with a mixer 
100. In general, the mixer receives inputs al and a3, on the RF port 101 and the LO port 103. 
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The mixer generates a signal b2 on the IF port 102 of the mixer. A circuit simulator must be 
able to compute the signals bl-b3 from the various input signals. The present invention 
models the relevant signals as follows: 



M = Sll*al 

62=/(al,fl3)+522*«2 
W=S33*fl3 



M N 

M f{al,a3)=XLC g *al'*a3 J (1) 

i 

I i Here, S 1 1 , S22, and S33 are constants determined by a vector network analyzer measurement 
¥ ' or by an S-parameter simulator. . 

p Consider the case in which the incident waves at the RF port and the LO port are 

Sfi 

1 5 single sinusoidal tones, i.e., 

Ul a\ =A*cosw l t ^2) 

a3 = B* cos w 2 t 

and there is no signal incident on the IF port. The output of the IF port generated by the 
present invention will be: 

20 f{a\,d$)= 

a m + a 0l cos(w 2 f)+ a 02 cos(2w 2 r)+ + a QN cos{Nw 2 t) + 

a w cos^r) + a u cos(wj ~ w 2 t)+ a u cos{w x ± 2w 2 t)+ + a lN cos(w l — Nw 2 t)+ 

a 20 cos(2w/)+ a 21 cos^ — w 2 t)+ a 22 cos{lw l ±2w 2 t)+ + a 2N cos(2Wj ±Nw 2 t)+ 

a M0 cos(Mw 1 r) + a m cos(Mw 1 * w 2 t)+ a M2 cos{mw x * 2w 2 t)+ + a m cos(mw, ± Nw 2 t) (3) 

25 

It can be seen from this expansion, that the present invention models the mixing products 
generated by the mixer at all frequencies m *RF +n*LO with (-M 1 ^- M—N -n-A^). 



Here, the ay are entries in the conventional IMT. That is, each coefficient represents the 
voltage-wave magnitude that determines the actual output power level of a mixing product, 
under a particular set of input frequency and power conditions. . The coefficients ay can be 
measured for any given mixer design using a spectrum analyzer. 

Given the IMT coefficients, ay, the model's coefficients Cy can be computed by 
solving a set of linear equations obtained by comparing Eqs (1) and (3) with the substitution 
shown in Eq. (2). Since such computations are conventional in the art they will not be 
discussed in detail. For the purpose of the present discussion, a specific example will be 
given to clarify one method for performing the solution. However, other methods will be 
apparent to those skilled in the art. 

To determine the model coefficients Cy(i=0...M, j=0, ...N) from the IMT, one needs 
to solve following algebra equation: 

[F]KxKfC]Kxl=[a]Kxl 
with K=(M+1)*(N+1), 
Ck=Cij, 
afr = ay, 

k = i +j*(N+l), 0< i <M, 0< j< N 

Here, ay is the ij th entry of the mixer IMT data matrix. [FJ is the coefficient matrix. [FJ may 
be computed from a characteristic matrix [T] MxM as follows. For most practical mixer 
applications, M=15 is sufficient. The matrix [T] MxM^ 01 M=15 is shown in Figure 2. 

Given T, the elements of the matrix [FJ are computed from 
Fkl = T im *T jn 

where, K,l,ij satisfy: 

k=i +j* (N+l), 0<i<M, 0<j<N 
l=m+n*(N+l), 0<m<M, 0<n<N 
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It should be noted that [F] is an upper-triangular matrix; hence, [C] can be determined by 
back-substitution. 



The above example assumes that the inputs to the RF and LO inputs are single tones. 
5 However, the present invention can also be utilized with more complex input signals such as 
modulation signals. In this case, al and a3 will be more complex time domain signals rather 
than sinusoidal signals 

The present invention is preferably implemented as part of a circuit simulator running 
m on a general purpose data processing system. However, the invention may be operated as part 
of any program that is required to model a mixer circuit. Similarly, the present invention may 
be operated on a wide variety of computational platforms including systems having 
W; specialized hardware. 

f § The mixer model of the present invention can, in principle, be utilized in a time- 

domain model and produce results in time or frequency domain. 

Various modifications to the present invention will become apparent to those skilled 
in the art from the foregoing description and accompanying drawings. Accordingly, the 
20 present invention is to be limited solely by the scope of the following claims. 



